An important trait in crop cultivar evaluation is stability of performance across environments. There are many different measures of stability, most of which are related to variance components of a mixed model. We believe that stability measures assessing yield risk are of particular relevance, because they integrate location and scale parameters in a meaningful way. A prerequisite for obtaining valid risk estimates is an appropriate model for the distribution of yield across environments. Multienvironment trials (MET) are often analyzed by mixed linear models, assuming that environments are a random sample from a target population, and that random terms in the model are normally distributed. The normality assumption may not always be tenable, and consequently, risk estimates may be biased. In this article, we suggest a transformation approach based on the Johnson system to cope with nonnormality in mixed models. The methods are exemplified using an international wheat yield trial. The importance of accounting for nonnormality in risk analyses based on MET is emphasized. We suggest that transformations should be routinely considered in analyses to assess risk.
INTRODUCTION
Multienvironment trials (MET) are conducted to assess the yield performance of crop cultivars under varying environmental conditions. One purpose of such trials is to derive cultivar recommendations for a given target region. To ensure that recommendations are representative for the target region, it is desirable to choose a random sample of test locations. Usually, it is not just the mean performance that determines the relative merit of different cultivars, but also the yield stability. Specifically, measures associated with yield risk are of particular relevance in this context. For both plant breeders and farmers, an important question is how a given cultivar will perform in a newly selected environment from the target. Due to cultivar × environment interaction, any yield prediction obtained from a statistical analysis of the MET is subject to uncertainty. For example, cultivar A may have a higher mean yield than cultivar B, but still it is possible that in a given environment, cultivar B outperforms cultivar A. Thus, aside from an estimate of the expected performance, it is useful to quantify the probability that A outperforms B (Eskridge and Mumm 1992). Similarly, we may compute the probability that a cultivar outperforms all other cultivars in a given set of cultivars (Piepho and van Eeuwijk 2002) . Another quantity of interest is the probability (risk) that yield falls below a certain level (Mead, Riley, Dear, and Singh 1986; Eskridge 1990; Piepho 1996) .
A prerequisite for estimating these probabilities is an appropriate model for the random variation among environments. MET are often analyzed using mixed model procedures (Gilmour, Thompson, and Cullis 1995; Cullis et al. 1996; Denis, Piepho, and van Eeuwijk 1997) , assuming the response (usually yield) follows a multivariate normal distribution. The normality assumption is not usually critical when mean parameters are of primary interest, provided the first two moment are specified correctly (Vonesh and Chinchilli 1997). When probabilities need to be estimated, however, the distributional assumption can be quite important (Taylor, Cumberland, and Xiangyi 1996; Piepho and van Eeuwijk 2002) . This article explores a transformation approach to cope with nonnormality, which employs the Johnson (1949) system of transformed distributions. This system covers a large part of the ( √ β 1 , β 2 )-plane, where √ β 1 and β 2 are the standardized third and fourth moments. Thus, the Johnson system offers much scope for modeling nonnormality. Our approach to risk assessment is based on modeling of the conditional mean of a cultivar in a given environment. The approach is exemplified using data from a subset of a larger set of MET on wheat.
DATA AND MODELING APPROACH

DATA
To exemplify the methods proposed in this article, we use data from international wheat trials with 20 genotypes conducted by CIMMYT (Centro International del Mejoramiento del Maiz y Trigo, Mexico) at 34 international locations in 1998. Experiments were laid out in complete blocks. We analyze replicate data using the basic mixed model
where m ij is the mean of the ith cultivar at the jth site, b jk is the random effect of the kth block in the jth site
, and e ijk is a residual error term corresponding to y ijk . The data exhibit marked error variance heteroscedasticity, which is significant by a likelihood-ratio test [REML analysis based on model (2.1) with all effects fixed except e ijk ; p < 0.0001]. Thus, we fit mixed models with separate error variances per site, that
